Renewable Portfolio Standards (RPS) are U.S. state mandates that utilities produce some of their electricity using renewable energy sources in an effort to reduce greenhouse gas emissions. While advocates highlight the potential long-term benefits of RPS, critics argue that RPS will increase electricity prices due to the higher costs of renewable energy generation. However, to date, there are no published empirical studies of the effect of RPS on electricity prices. Using state-level panel data from 1990 to 2011 and the difference-in-differences (DID) method, I find that implementation increases electricity prices when the RPS policy first becomes binding.
INTRODUCTION
In recent years, global climate change and concerns over scarcity of conventional energy resources increased interest in renewable energy sources. In the United States, states have enacted a variety of policy instruments to promote the use of renewable energy. One of the most common state-level policies is known as Renewable Portfolio Standards (RPS). The goals of a RPS policy are reducing emissions of air pollution and greenhouse gases and generating more stable energy prices in the long-run. A majority of states have enacted RPS with more states likely to in the future because of the recent proposal by the Obama Administration to reduce state carbon emissions by 30 percent (Metheny, 2014 To be sure, Ohio governor, John Kasich signed a bill into law, which would freeze Ohio's renewable energy efficiency standards for two years, citing concerns that the standards would adversely affect the Ohio economy. Ohio became the first state in the U.S to renege on its renewable standards (Knox, 2014) . Other states, including Kansas, Minnesota, North Carolina, Texas, Virginia, West Virginia, likewise have considered or are considering repealing RPS or weakening targets (Gallucci, 2013) . Despite the concerns that RPS increases the retail price of the electricity, to date, there is little published research that provides empirical evidence for the argument, especially at the state level. The existing research primarily uses numerical simulations to evaluate the role of a hypothetical national RPS such as Palmer and Burtraw (2005) and Kydes (2007) .
This paper uses a state-year difference-in-differences (DID) analysis over the period 1990
to 2011 across 47 states, excluding Iowa, Hawaii and Alaska to examine the impact of state RPS on state electricity prices. 3 To address the special features that RPS vary in different timing and magnitude of intermediate mandates and final mandates, this paper employs multiple measures of RPS, including the first year of RPS mandate enactment, the first year of RPS implementation and the year that the first intermediate RPS goal becomes binding, instead of assuming only one binary RPS variable across states.
The remainder of the paper is organized as follows. Section 2 presents background information on electricity generation and renewable energy sources, while section 3 discusses the existing literature on Renewable Portfolio Standards. Section 4 describes the empirical methodology and data used in the analysis. Section 5 presents and discusses the main findings.
The primary findings are that RPS increase electricity prices when the mandates become binding.
Section 6 summarizes and concludes the paper. The overall recommendation is that policy makers need to consider the electricity price increases in deciding whether to enact RPS because of their potential economic impacts.
BACKGROUND

Background of the Electricity Market
Most electricity in the United States is generated by three fuels: coal, natural gas and nuclear power. Renewable energy, including hydroelectric power, is still a small percentage of all power generated. According to the US Energy Information Administration (EIA), 4 renewable energy sources only made up 13% of total electricity generation in the United States as of 2011.
Maine had non-hydroelectric renewable electricity generation at 27% of total in-state generation.
South Dakota and Iowa had 21% and 17% of electricity generation from renewable energy sources. When a state implements RPS, it induces shifts from electricity generation using traditional resources to renewable resources. Because of potential effects on utility cost structures from the shifts, RPS may affect electricity prices as regulatory commissions allow utilities to set prices to recoup the costs (Lazar, 2011) .
Customers in the electricity market can be classified into four groups: residential, commercial, industrial and transportation. According to EIA, there were 3,726 billion kWh of electricity sold to customers in 2011. The residential customers group purchased 38% of the electricity that was generated. The commercial group purchased approximately 35%, while around 26% was purchased by industrial customers. The electricity prices vary by each customer group (Figure 1 ). Thus, it is necessary to test the impact of electricity prices in each group separately. The residential group is the primary focus in this paper. Figure 2 shows the locations of mandatary renewable capacity policies.
Background of Renewable Portfolio Standards
Often, the selected eligible resources are tailored to best fit the state's particular resource base or local preferences. Some states also set targets for specific types of renewable energy sources or technologies to encourage their development and use. As mentioned by Yin and Power (2010) , there are three ways for a utility to meet the requirement from the state mandate:
produce electricity from renewable energy sources through its own facility; purchase electricity from other renewable energy facilities; and purchase renewable energy certificates (RECs). In general, the utilities are allowed to recover the costs combined with the standards in the form of electricity rates.
Even though the RPS law may provide compliance cost caps and provisions for delaying compliance, many state RPS programs have "escape clauses" if the extra cost of renewable generation exceeds a specific threshold. For example, in Maryland, it has been stated that "if the actual or projected dollar cost for purchasing solar RECs in any one year is greater than or equal to 1% of the electric supplier's total annual electricity sales revenues in Maryland, the electricity supplier may request that the PSC delay by 1 year each of the scheduled percentages for solar and allow the solar percentage required for that year to continue to apply to the electricity supplier for the following year. The delay will continue each year until the actual or anticipated cost is less than 1% of the supplier's annual sales revenue in Maryland, at which time the supplier will be subject to the next scheduled percentage increase" (see www.dsireusa.org).
Based on the above information, imposing state-level RPS would influence utilities' cost structures due to the incremental investments and costs in providing obligated renewable electricity proportion. And, allowing utilities to recover the cost may cause electricity prices to rise.
PREVIOUS RPS STUDIES
Previous studies of RPS policy effects on electricity prices have ranged from using numerical simulation models of national electricity generation to empirical estimation using state-level data. There is a near absence of studies on RPS at the regional level. The variation across states in enacting RPS policies, and timing of policy enactment and implementation, can be used to assess whether the policies increase electricity costs. Palmer and Burtraw (2005) in their discussion paper used the Haiku electricity market model and performed numerical simulations to predict the effects of the two leading government policies, RPS and Renewable Energy Production Credit (REPC), in increasing the amount of renewable energies of the United States electricity supply. The simulation results of four national RPS of 5%, 10%, 15% and 20% indicated that the cost of the RPS in terms of changes in electricity price or social cost were relatively low at levels up to 15%; the price effects rose dramatically for targets of 20%. Kydes (2007) analyzed the impacts of imposing a 20% federal RPS in energy markets of the US, excluding non-hydropower by 2020. He conducted this empirical study using the that electricity costs increased about 3% with a 20% RPS. Even though, on the national level, the results did not appear to be significant, the regional distributional price effects were quite significant. The RPS was predicted to increase the costs from 35 to 60 billion dollars for the power generation industry by the end of 2020. Although this research focused on the impact of federal-level RPS, it provided the reference of the fundamental hypothesis of this study that imposing an RPS would change utilities' cost structures. Bowen et al. (2013) examined whether RPS increased the number of green businesses and jobs at the state level. They report little evidence of such an effect. Instead, they suggest that green jobs are created by the factors that affect overall job creation; e.g., investments in education and infrastructure.
In an unpublished paper, Tra (2009) evaluated the effect of RPS policies on retail residential electricity rates using utility-level panel data from 1990 to 2006. This study provided one of the first empirical investigations of the economic effect of RPS mandates on retail rates.
After taking the restructuring of the electricity market into consideration, the author used a fixed effects model to address the time-invariant unobserved differences among utilities and year specific effects while controlling for state population, population density, and the average price of coal and natural gas delivered to electric utilities. Tra found that, on average, a state RPS had a positive effect on the average nominal residential electricity rates and higher RPS requirements had larger magnitude effect on the rates.
EMPIRICAL IMPLEMENTATION
Empirical Model
Currently, there is no national RPS policy and not all states have adopted RPS policies.
So, it is possible to construct a treatment group and a control group by using the states that have RPS and states that do not have RPS. Also, it is possible to compare the RPS impacts by comparing the electricity prices before and after the states adopted mandatory RPS. Therefore, the difference-in-differences (DID) method is employed to examine the state mandatory RPS impacts on electricity prices.
One of the potential problems with using the states without RPS as a control group is that electricity prices might systematically vary across states because of other influences than policy changes. States with significant renewable resources, such as wind, may be more willing and able to adopt RPS, with potentially different price effects. Thus, state fixed effects are included to control for time invariant variables.
Other factors such as temperature in each state also may have impacts on electricity Finally, it is possible that there may be long-term trends in electricity prices not related to RPS.
Consequently, linear and quadratic time trend dummies are added into the model. Considering that time trends may vary across geographic areas, I interact the time trend variables with Census division dummy variables.
The basic regression equation is as follows: 6 According to EIA, some states had restructuring activities or allowed utilities to recover transition costs that were incurred during the restructuring process after electricity market restructuring was suspended, such as CA, AZ, VA, MT and NM. Considering these activities would have impacts on electricity prices and related to the electricity market restructuring behavior, I include them into the deregulation indicators. For the sensitivity analysis, firstly, I use a separate indicator to indicate these market behaviors. In the results not shown, the coefficient of the separate indicator is negative and significant. Secondly, I use only the active electricity restructuring year to identify the deregulation indicator. In the results not shown, the coefficients of deregulation indicators are all negative and significant; the impacts of RPS becoming binding on the electricity prices are all positive and significant. 
Data
This study uses publicly available data from various sources. Table 2 Tables 3 and 4 show the regression results for alternative model specifications using state-level panel data from 1990 to 2011. Table 3 shows the results using alternative single indicators of RPS policies. Table 4 shows the corresponding results using multiple RPS indicators in each regression. 8 The link of the Energy Division website for each state can be found on the DSIRE website.
FINDINGS AND DISCUSSION
Main Findings
Column (1) of each table shows the impact of RPS policies on the natural logarithm of real residential electricity prices controlling only for state fixed effects; whereas, column (2) adds linear and quadratic time trends and linear and quadratic time trends that interact with Census division indicator variables. Columns (3) and (4) add average July temperature and January temperature of each state and electricity market restructuring, respectively. Column (5) shows the results when controlling for all the right-hand-side variables included in the column (1) to (4) models: state fixed effects, time trend, January and July temperatures and the deregulation of the electricity market. Column (6), the full model, shows the results from adding year fixed effects to the column (5) model.
The empirical results shown in Table 3 reveal that RPS policies had positive impacts on residential electricity prices. All three single indicator RPS variables were significant in the full model regressions. The first binding year was significant across half of the model specifications (Columns (4) to (6)), in which the price of electricity increased by nearly seven percent in the full model. The electricity price increased over five percent based on the effective year of the RPS policy. Even the first year of policy enactment was significant with about a nearly five percent effect. Extreme temperatures appeared to increase electricity prices, while moving to a deregulated market lowered the prices.
It might be expected that electric utilities would not immediately shift current or traditional resources to renewable electricity generators or purchase REC to meet the RPS mandate after enactment because initially violation of RPS is not costly. Yet, if utilities are forward looking they may begin compliance immediately prior to the required date of implementation, as suggested by the significant variable for policy enactment. The larger value for the date of the policy becoming binding in Panel A of Table 3 , however, suggests that some utilities wait on implementation until they are required to meet the RPS standards.
To further investigate the importance of date of enactment versus effective and binding dates of the policies, it is necessary to take a look at the results while using multiple RPS measurements in the regressions. Thus, Table 4 examines the inclusion of each policy variable in combination with the other policy variables, including a model with all three policy variables added concurrently.
I find that the impact of enactment year was not statistically significant when the other measures of RPS policies were included. Moreover, it was collinear with the first effective year of RPS policies, which was consistent with the RPS identification in Table 1 that most of the RPS enactment years were the same as the effective year, the exceptions being AZ, CA, DE, MA, NC, and PA. The collinearity explains why the first enactment year was significant when using single RPS policy variables in the regressions.
The binding date of RPS policies was significant across all model regressions in Table 4 , regardless of which other policy variable was included. When all three variables were included (Panel D), policy enactment of the RPS policy and effectiveness of the RPS policy did not affect electricity prices, whereas, the date the policy first becomes binding increases electricity prices by over five percent in the full model regression. 9 Therefore, any response by utilities to RPS policies did not show up in electricity prices until the date the RPS policies became binding.
From Panel D of Table 4 , electricity market deregulation reduced prices by approximately nine percent. 10 While some studies showed that imperfect competition due to market power or limited transmission capacity could result in higher electricity rate if these conditions gave electric utilities the incentive to restrict output (Green and Newbery, 1992 and 9 In results not shown, the variable obtained from interacting the RPS first binding year variable with the RPS percentage requirement of the first binding goal was statistically insignificant when added to the full model in Panel D. 10 In results not shown, when the electricity market restructuring indicator is defined by the starting year of the restructuring rather than the completed year, the coefficient of market deregulation indicator was negative and statistically significant. The positive impact of the first RPS binding mandate on electricity prices was still statistically significant. Borestein et al., 2000) , a prevailing perspective about electricity market restructuring was that deregulation would induce more efficient operation. Fabrizon et al (2007) estimated that electricity deregulation had resulted in reduced generation costs for investor-owned power plants. My finding is consistent with this viewpoint.
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July temperature had about a 0.4% impact on the change of real residential electricity prices per degree, while the January temperature's impact was less than 0.1% per degree and insignificant. Recall that these were within-state changes in temperatures over time; across state differences were captured by the fixed effects. These results were consistent with the hypothesis that summer or winter temperatures would affect peak time usage of electricity, which affects utilities' cost structures and electricity prices.
Endogeneity Check
Despite the number of control variables, including state and time fixed effects, I cannot rule out the potential of reverse causality between state-level electricity prices and RPS adoption.
To address this issue, I compare whether enactment of RPS policies had differential changes in electricity prices than other states prior to the time of RPS enactment. Firstly, I calculate the 5-year change in electricity prices prior to the first enactment year of the states that have RPS.
Secondly, I calculate the mean of the price change in the states that have no RPS in the same time period. I use the price change difference between these two groups to address whether endogeneity potentially existed. Figure 3 demonstrates that the price change differences between states with RPS and states without RPS were scattered along 0, indicating a lack of clear pattern of price changes prior to the RPS enactment. Therefore, I conclude that there was no reverse causality between state-level electricity prices and RPS adoption.
SUMMARY AND CONCLUSION
Using state-level panel data from 1990 to 2011 and a difference-in-differences approach, I examined whether adoption of Renewable Portfolio Standards (RPS) by U.S. states caused electricity prices to increase. A notable contribution of the study is the use of multiple policy measures of RPS policies to distinguish between whether policies have their effects at time of enactment, time of effectiveness or when the policies become binding. In addition, the empirical approach accounted for state and time fixed effects, differential time trends, while also controlling for changes in temperature and regulation of the electricity markets.
The study found that state adoption of RPS increased electricity prices. Electricity prices levels, which means that state RPS policies enacted since then will be credited towards the 30 percent (Metheny, 2014) . Ultimately, however, the decision regarding whether to enact RPS and how to design them may be based on whether state residents wish to pay for improved air quality and reduced impact on global emissions of greenhouse gases. 
